technics depend on the reducing ability of uric acid, they are nonspecific and are susceptible to many conditions which interfere with color development or iodometric titration (8, 9) . In addition, intensely colored fluids, such as bile, cannot be studied by these technics. The enzymaticspectrophotometric method is specific but, because of the presence of proteins, it is necessary to measure relatively small changes in absorption of ultraviolet light in the presence of very high total absorption. Initial precipitation of protein may coprecipitate a variable amount of uric acid (8) .
The method to be described eliminates these difficulties by first isolating the uric acid from the biologic fluid to be studied. This is achieved by ion-exchange separation. The purified uric acid may then be measured either by the colorimetric or the enzymatic technics or simply by the G ultraviolet absorption of the uric acid eluate at 286 m&. A similar approach has been reported by Bergmann and Dikstein (10) who have isolated uric acid by selective precipitation as the mercuric salt and have measured the absorbance of the redissolved uric acid at 290 mgi.
Reagents

METHOD
Do'wex -x8,' 50 to 100 mesh, anion-exchange resin is prepared in a large batch as follows: 100 Gm. of resin is slurried into a large column, 5 cm. in diameter and 50 cm. long, and washed with 1000 ml. of iN HCl. This is followed by distilled water until the eluate is nearly neutral. Then 1000 ml. of iN NaOH is run through the column and followed by distilled water until the eluate is again nearly neutral. The final wash consists of 1000 ml. of 10 per cent NaCl and then distilled water until the eluate is free of chloride. iN HC1, iN NaOH, iO per cent NaC1, 0.iN NaC1, 0.005N HC1.
Uric acid standard. Dissolve 10 mg. of uric acid, which has been purified on the anion-exchange column, in 150 ml. of hot water. Allow to cool and dilute to 200 ml. in a volumetric flask.
Apparatus
Small columns to hold ion-exchange resin (Fig. 1) . Beckman Model DU Spectrophotometer to measure absorbance at 286 mi and a photoelectric colorimeter to measure absorbance near 660 mEL.
Procedure
Prepare a small column with alundum chips, glass wool, and 6 cm. of resin processed as described above. Add an appropriate amount of biologic fluid (containing about 50 to 200 pig. of uric acid) directly to this column. Adjust the flow of the column to 8 drops per minute. Wash the column with 10 ml. of distilled water, then with 10 ml. of 0.1N NaCl, and then with 10 ml. of distilled water again. Elute with 0.005N HC1. Uric acid from serum and urine will come off the column in the first 15 ml. of eluate and does not require fractionation.
Other fluids may require fractionation to establish the location of the uric acid peak.
The quantity of uric acid can be determined by direct measurement of ultraviolet absorption at 286 mt. Since there is a small column blank it is necessary to set up a standard curve initially by passing 0, 25, 50, 100, and 150 g. of uric acid through separate columns. Measurements of uric acid in the eluate can also be made by the standard colorimetric technic; the Brown modification of the method of Folin (3), or by the following adaption of the enzymatic technic.
Enzymatic Technic
Add 5 ml. of eluate to each of two test tubes. To tube i add 2 drops of concentrated HCl and to tube t 2 add 0.5 ml. of uricase in glycine buffer (0.2 per cent uricase in 7.5 per cent glycine buffer at pH 9.4). After 2 hours at room temperature 0.5 ml. of enzyme in buffer is added to tube %1 and 2 drops of concentrated HC1 is added to tube Y2. The tubes are shaken immediately upon addition of the enzyme. The solution in tube *1 is read against that in tube * 2 used as the reference or "blank" in the spectrophotometer at 286 mit. The acid stops the enzyme reaction. 
RESULTS
The elution curves for uric acid in serum, serum with added uric acid, urine, and bile are shown in Figs. 2 and 3. Uric acid from serum and urine is easily eluted from the column in the first 15 ml. of eluate. The uric acid in the bile occasionally came off the column after the first 15 ml., and this may be dependent upon the high pH of bile. Figure 4 shows the standard curve for different concentrations of uric acid placed on the column. The curve includes data observed on two different dates and on one date by the ultraviolet absorption and enzymatic technics. There is a small blank value, probably due to dissolved resin, which appears to be constant.
The ultraviolet absorption and enzyme values obtained on standard solutions before placing them on the resin column are slightly higher than values obtained on the eluates. This may indicate some small loss on the column or change in the structure of the molecule which might alter its response to these technics. The use of the standard curve corrects for this (Fig. 4) . Recoveries from serum ranged from 89 per cent to 107 per cent, using the ultraviolet absorption method. The pre-and postcolumn values with standards studied by the Folin-Brown method were not significantly different. 5 of results obtained using the ion-exchange resin columns. In Table 2 the values obtained on serums in Table 1 by the direct Folin-Brown method are compared with those obtained with each of the three technics applied to the eluate. The mean of the difference, between the direct Folin-Brown value for each serum and the values obtained by the other three methods, is given. The average of the ratios of the direct Folin-Brown value of each serum to each of the other three values is also given.
The enzymatic breakdown of uric acid by uricase is shown in Fig. 5 . At the concentration of enzyme used, the oxidation is very rapid and, with the amounts of uric acid ordinarily found in serum, is complete in 30 minutes. Two hours were allowed for safety. Also shown in this figure is the breakdown of a uric acid standard which was made up for the direct Folin-Brown method. The formaldehyde in this standard probably interfered with the enzyme action. The same stock uric acid powder dissolved in hot water gave a normal reaction.
The NaCl wash of the column before elution of uric acid yields a substance which absorbs in the ultraviolet light with a peak absorption of about 278 m and does not give color with the Folin-Brown technic. Urine contains this material, in higher concentration than in the serum. This compound has not been identified as yet, but it is definitely not adenine.
DISCUSSION
We have presented a new method for the determination of uric acid in biologic fluids. By trapping the uric acid on an ion-exchange column and then eluting it, we have isolated the substance so that the determination can be made by the relatively nonspecific ultraviolet absorption method. For serum and urine this technic is so simple that it can be used as a standard procedure in the clinical laboratory.
For greater specificity one can make the determinations on the eluate with the Folin-Brown or enzyme technics, although the mean difference between any two of the three methods applied to the eluate is less than 5 per cent. We consider the enzyme determination of uric acid in the eluate to be the most specific of our technics. it is especially applicable to the measurement of uric acid in biologic flUids which cannot be studied by direct technics.
The results of uric acid determination by the direct Folin-Brown technic in serum compare well with the results obtained by the new method. The mean difference between results is less than 10 per cent in comparing the direct Folin-Brown with the ultraviolet absorption method. The mean difference is less than 5 per cent in comparing it with the enzyme determination on the eluate. These data would seem to strongly support the reliability of the direct Folin-Brown technic in serum and contradict the disparity in results published on the direct Folin-Brown technic versus the direct enzyme technic (6, 9) .
In the urine-uric acid studies, although the direct Folin-Brown values compared well with the new technics in some cases, there was a large discrepancy in others. This suggests the presence of interfering substances in some urines, and indicates the potential error of the Folin-Brown method for urine.
Bile values could not be checked by the direct Folin-Brown method. The enzyme technic on the bile eluates seems to give lower values than the ultraviolet technic. Uric acid in T-tube bile was much lower than that in one gallbladder bile which we studied, and which had a uric acid concentration of 24.4 mg. per 100 ml. Brugsch and Rother (11) in 1923 studied the uric acid in the bile from gailbiadders of corpses. They used a copper precipitation technic and obtained uric acid concentrations ranging from a trace to 50 mg. per 100 ml. in 11 cases.
The ion-exchange separation technic presented here may also be used for the purification of uric acid and for the isolation and crystallization of uric acid from biologic fluids. Larger amounts of ion-exchange resin and larger columns may be necessary. By adding adequate amounts of uric acid-containing solution to the column, uric acid may be crystaffized from the eluate by acidifying it with acetic or hydrochloric acid and allowing it to stand in the refrigerator overnight. This may be particularly useful in isotope experiments in which it is necessary to know the specific activity of the uric acid in a biologic fluid.
SUMMARY
A new method for the measurement of uric acid in biologic fluids is presented. It involves the isolation of uric acid by ion-exchange separation and quantitative determination of uric acid in the eluate by ultraviolet absorption, the Folin-Brown method or an enzymatic technic. The enzymatic determination on the eluate is the most specific of the technics. A series of determinations of uric acid in serum compares well with determinations on the same samples using the direct Folin-Brown procedure. The direct Folin-Brown method appears to be in error in determinations on certain urine samples. Measurements of uric acid in bile are reported. The technic can be used in the routine clinical laboratory, and is particularly applicable to fluids which cannot be studied by direct methods.
